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INTRODUCTION 

The propulsion system for tilt nacelle V/STOL aircraft must operate 
efficiently and smoothly over a wide range of flight speeds, engine weight 
flows and incidence angles. For exaa^le, during the approach Co landing 
(fig. 1), Che ns^elles rotate from the normal horisontal poaition to an 
angle of 90°. ItotaCing the nacelles Co these hi^ angles rcsitlta in cor- 
respondingly high angles of flow incidence at the inlets . 

If the fan is to perform satisfactorily, the inlet must meet the re- 
quirements listed in figure 2. For high thrust and engine efficiency, the 
inlet pressure recovery must be high and the inlet flow distortion low. 
These two requirements are usually met simultaneously. For Che fan blade 
stresses to be low, the distortion must be low. For acceptable airplane 
handling qualities and control, any variations in the pressure recovery 
and distortion that do occur must be smooth, that is, not discontinuous. 
Generally, an inlet with attached flow will satisfy the above requirements 
There are however some levels and degrees of separation that may be accept 
able for certain engines . 
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SYMBOLS 

Blowing pressure ratio, P /P 

P “ 2 

inlet area contraction ratio CRj^j^/R^) 
fan face diameter 50.8 cm (20.00 in.) 
hilite diameter 53.87 cm (21.208 in.) 
inlet axial length 30.63 cm (12.059 in.) 
inlet throat Mach number 
fan rotational speed 
blowing plenum pressure 
free stream total pressure 

fan face area weighted total pressure recovery 
local throat radius, cm (Tn.) 
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P • P 
tnax min 


V 

(X 

a 


max 


fan face area weighted total pressure distortion 

one dimensional throat velocity 
free stream velocity 
angle-of-attack, deg 
circumferential angle, deg (=0*' 
fan blade vibratory stress 

maximum allc*-able fan blade vibratory stress 
2.4xl0« N/„2 p.p (3.5 x 104 lb/l„2 pip) 


in windward plane) 


APPARATUS 

(Thick lip,. ,crf InUt., c«.t.rb^ 

•re dlscueaed la che refereece, ^ locntpn, etc.). Theae coacepti 

»as tested ia the LTJ layer coatrol vd.lca 

This is •ppro.i!;:t^*,‘t;3“,fi“ ^)- 

by Gruaman Aerospace Corpotatloa for , tilt na^Ml designed 

Inlet/nacelle model was tested^, o - nacelle V/STOL aircraft. The 

This is a single stage fan wh’lch p*""” 

° appUoatloo. 

The blovl"g airruoil; iS c” “f" •^"e sliL.) 

mounted with a swivel joint A norr^^ tunnel and is 

removed to allow the fan and turbinf adajcent vertical wall was 

angles of attack. “ *’*““*' l>>Tough during high 

an as^Kic deslgn''wUh"i''windward%ld'* ‘"'"“'“"'“ll'’"- The inlet is 
a leeward-slde contra^ion 3 ^ ““<* 

fined as contraction ratio is de- 

and extends 120°, *frL”-60O°tr+60°^aboit^th°'^**^d^^^ throat 

height was *=0.012 inches tHa m • j- ^ windward plane. The slot 

ratlo^L/o!) wasVbor'^LkL' ‘-8th 

were used to measure the fan face'total^Iresa''**'^ 

A wall static and the lowerrn^!? f Pressure recovery and distortion, 
separation. 'o determine fan face 
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Data were taken from 0 < Vq < 64 m/sec (125 knots), 0° < a < 120® 
and blowing pressure ratios from 0.99 < Pp/P© 5 2.00. 

RESULTS AND DISCUSSION 

What can a small amount of blowing do for the inlet angle-of-attack 
(a) operating range? 

Figure 5 answers this question. Shown is the inlet angle-of-attack 
plotted against the throat- to- frees tream velocity ratio for both the non- 
blowing and blowing Inlets. The blowing inlet had a blowing pressure 
ratio (Pp/Poo) of 1.40 (57, of inlet mass flow). Separation-free (attached) 
flow is to the right of each curve. 

With no blowing, at a velocity ratio of 2.5, the maximum a of 
separation-free flow is =»61®. However, with blowing the maximum angle-of- 
attack is 110®. This result applies to the low speed, 31 m/ sec (60 knots). 
This is a tremendous improvement In the separation-free operation of the 
inlet. 

'flie blowing curve includes points for four freestresmt velocities. 

The data tends t o cor relate with the throat- to-frees£re«n velocity ratio 

’ :Figiire 

been, compared: to- £he df^atih^::raii^:,, :: ;The:::Ci;^^::h^ 

full- throttle (100% fan speed) aad the left h«id curve is ^rt-tihrottle 
(40% fan speed). These curves represent a rmge of freestreffa velocities. 
In gweral , with bloa^ag the inlet wnild <^>erate_ in the a ttached flow re- 
gion over the operating range from part to full throttle. 

• Typtesi • ates«*a«!sit/separi^o«=’oe€«ir^a|f^wfifc-biswiBp-'tssK^i*«ww'itaisfi*!-^ ■: 
ure 7 . Total pressure recovery and distortion at the fan face is plotted 
versus the one-dimensional inlet throat Mach nund>er . The data is shown 
for Voo of 41 m/sec (80 knots) and a of 75°. Attachment occurs with 
increasing Mt (rpm). Separation occurs with decreasing (rpm) . The 

solid s3rmbols denote separated flow. 

With decreasing throat Mach number, the flow separation occurred at 
a significantly lower throat Mach number than it attached with increasing 
throat Mach number. This is a stable hysteresis which was typical with 
blowing. However, the baseline (nonblowing) inlet had negligible hyster- 
esis . 

The fan face distortion also exhibited a stable hysteresis. As throat 
Mach number (rpm) increased the fan face distortion Increased (responding 
to separated flow) and decreased when the flow attached. However, with 
decreasing throat Mad number (rpm) the flow remains attached to a lower 
throat Mach number with a corresponding lower fan face distortion. 

For a particular set of inlet condition (Voo, a * const, with rpm 
varying from maximum to minimum) the following occurs: 

(a) From maximum rpm to (rpm) separation, the pressure recovery in- 
creases and distortion decreases. 

(b) From (rpm) separation to rpm where separated flow occurs over a 
small part of the fan face, the pressure recovery decreases and distortion 
increases . 
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(c) When the inlet is completely separated both pressure recovery and 
distortion decrease. ^ 

It IS interesting to note, that when attachment or separation occurs 
there IS an abrupt change in the pressure recovery and distortion. Data 
pertaining to the separation point (decreasing rpm) will be the topic oi 
the remaining discussion. 

8 shows the effect of blowing pressure ratio on inlet separa- 
1 n. This figure shows; the total pressure recoverv and fan face distor- 
t ion versus throat Mach number (Mt) at = 41 m/sec (80 knots) and 

7n. previous figure. Data for the baseline 

are given by the symbols. Solid symbols denotes sepa- 
M K k'^ I n (nonblowing) inlet was separated from a throat 

ac num er o to 0.375. There is also a region from 0.250 to 0.325 

where the inlet flow and fan rpm are unstable. 

For the blowing inlet, blowing pressure ratios of 1.2, 1.4 and 1 7 
are shown, pje blowing pressure ratio is defined as Pd/P«. A large in* 
cre^ntal gain in the attached flow throat Mach number ?ange occurred with 

Che ^ flow) • However, 

prwaure raCloe de modestly iaerease cite lewl of re- 
cov«iy tilfi of 

« Pdiac^ fl^ 

^ *■ He region of smooth thrust modulatioti is ineressed irich blowing 
Blowing also resulted in a reduction in fan face distortion which is 
analogous to the pressure recovery increase. 

V = ^ «f of^Hlowtng^^ on fan blade stresses lor 

‘‘"ots), a = 55°, The first, flatwise bending a»de 

versus the fan rotational speed (N). w«oxe stress 

K signature can be characterized as having two components- 

a broadband level superimposed on which are a series of^discrete^narrow* 
oeak peaks. With the baseline configuration these discrete narrow 

tion (ViB/Sv^ numbers of blade vibration cycles per revolu- 

With the nonblowing inlet the 3, 4, and 5 vibration per rev. were of 
a significant level, of particular concern was the 4 vib. per rev. which 
of the allowable stress. However, with the 120° blowing 
iridicated ° the blade stress peaks were 


SUMMARY 

The major effects of blowing on boundary layer control of a tilt- 
nacelle V/STOL inlet are: 

1. Angle-of-attack range increased. 

2. Blade stresses significantly reduced. 

3. Fan face distortion reduced. 
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Rgure 1.- Representative landing approach for tilt-narcelle VTOL 
aircraft 
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Figure 2. - Inlet requirements. 
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Figure 8. * Effect of diffuser btoniing on inlet performance. 
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figure 9. - fffect of blo«ymg on fan blade stress (first flatwise bending 
model, at ^ t>4 m/sec il25 knots) and a • blowing pres- 
sure ratio ‘1.40. 
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